With the rapid economic growth and the increasing environmental pollution, the development of low-carbon economy is the first choice to solve the current energy scarcity and harsh environment. It is an inevitable trend to consider low-carbon factors in the measurement of total factor productivity in all regions of our country. This paper uses the Malmquist productivity index method to analyze the change of TFP in different regions of China, and compare it with the traditional total factor productivity without considering the low carbon factor. It is found that a significant growth after China's total factor productivity into low-carbon factors, the growth of low-carbon total factor productivity is basically driven by changes in technological progress, the effect of efficiency changes on low-carbon total factor productivity is minimal.
and output. Its main idea is the production function, the elements of inputs include labor, capital, GDP as an indicator of output. Many scholars have studied the efficiency of economic growth from the perspective of total factor productivity, such as Wang Xiaolu et al. (2009), 2 but they all ignore the negative impact of environmental pollution . In this paper, the energy input and CO 2 emissions are put into the production function to calculate the TFP of China, which is more in line with the characteristics of low carbon economy and green economy.
Research on total factor productivity based on low carbon economy
This paper will use ML to set two cases, compare and analyze the two cases of China's 30 provinces TFP ( Tibet doesn't take into account with the lack of data) : One is not considering the energy input and carbon dioxide emissions, only considers the expected output, and calculates the TFP in the traditional sense (hereinafter referred to as ITFP); the other is to measure the TFP of low-carbon by introducing the direction distance function (DDF) in the perspective of low-carbon economy (hereinafter referred to as CTFP). Study the dynamic change process on this basis, further decompose TFP into technological progress index and technical efficiency index to study the causes of TFP change, and regional variation.
It is well known that the traditional ML is based on the Shephard distance function, which can only be used to minimize the input or output maximization in a certain direction of input or output, unable to effectively take into account the dual target of the economic growth and the emission reduction. The energy and capital stock and the labor force are invested as inputs, the regional GDP is treated as an output indicator, in the treatment of CO 2 emissions ,either take it as an input factor or convert it to a "good" output by multiplying (-1) or take the reciprocal of it. 3 Although this approach takes into account the impact of the expected output on production efficiency, it is clearly contrary to the actual production process. In order to incorporate environmental pollution emissions into the framework of analysis, this paper constructs a set of production possibilities that contain both good output (GDP) and bad output (CO 2 ) according to Fare et al. (2007) . 4 The CO 2 emissions were multiplied by (-1), and the CTFP was analyzed using the directional distance function.
We assume that the environmental technology faced by each decision making unit (DMU) is 
This index can decompose the TFP into two parts: efficiency change and technological progress:
Where CTEH is the low carbon efficiency change index, which represents the degree which the decision-making unit moves to the forefront of the best production. CTP stands for the technological progress index, which represents the technological innovation of the decision-making unit. ML (CTFP), CTEH, CTP greater than 1 means productivity growth, efficiency improvement and technological progress; less than 1 means productivity degradation, efficiency deterioration and technical regression. 
The empirical results
In order to study the change of total factor productivity and environmental total factor productivity in China, this paper uses DEAP2.1 software to calculate it. The results of Malumquist TFP, technical progress index and technical efficiency index considering and without considering low-carbon factor are shown in Table 1 .
Total factor productivity change
From consumption, crude emissions, the production mode has not been completely improved. Table 2 shows the ML index with and without adding low-carbon factors in various regions of China. As can be seen , from 2000 to 2014, the average growth rate of TFP increased from -2.8% to -2.2% when adding energy variables and carbon emissions . It is indicating that the CTFP is higher than the TFP. Because the consideration of low-carbon factors can make the production process to improve the environmental pollution, the effective use of energy as a contribution to the production rate. The technical progress rate was reduced from -2.7% to -2.1%, and the technical efficiency dropped from -0.1% to -0.7%.At the regional level, the TFP in the three major regions has experienced a downward trend. The technical efficiency of the central and western regions shows an increasing trend, but in the eastern region is declining. It is indicating that in the absence of low-carbon factors, the use efficiency of technology in the eastern region is not high , however, due to the superior geographical position, absorbing advanced technology has great advantages, so that the cutting edge of technology in a leading position. In the central and western regions, the opening time lags behind the east part, the upgrading of production technology is mainly rely on imitation and transformation, it is led to the central and western regions can make full use of the eastern transfer technology. The technical efficiency and technological progress index of the eastern region are in a leading position, the efficiency of low carbon technology in the central and western regions is lower than that of traditional technology efficiency. From different
Analysis of total factor productivity change and difference in each region
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provinces, the highest TFP is Beijing , and the lowest one is Jiangxi ; the highest CTFP is Shanghai, and the lowest is Hainan. By comparing and analyzing the change of TFP and CTFP, it can be found that the CTFP of Beijing, Hainan, Guangdong, Hubei and other provinces is lower than TFP ,which shows that the economic development of these provinces is at the expense of energy consumption and environmental pollution; On the contrary, the growth rate of CTFP increased significantly in Jiangxi, Anhui, Shanghai and Jiangsu, it is indicating that these areas pay great attention to the protection of environment and the effective utilization of energy while developing economy.
Conclusions and policy recommendations
In this paper, we use the DDF and the MLindex to measure the TFP and CTFP, then make a comparative analysis. The existing findings are as follows:
1.Economic growth must take into account the deterioration of the environment. After considering the low carbon factor, the TFP has been improved, the change of TFP is mainly driven by technological progress and changes in technical efficiency have little impact on this.
In recent years, low-carbon technology progress rate is declining slowly, it is indicating that we are not good at dealing with environmental pollution and the effective use of energy , the technology is not advanced enough.
2.
From the regional level, the growth rate of CTFP shows an increasing trend , the CTFP has increased obviously in the eastern provinces such as Shanghai and Jiangsu which is indicating that these provinces pay attention to environmental protection and the use of energy at the same time as economic development.
Considering the above analysis, this paper presents several policy recommendations as follows. First of all, the development of low carbon economy must fully coordinate the relationship between energy utilization, environmental protection and economic growth. It is necessary to guide all regions to develop new industrialization road with high technology, good economic benefits, low resource consumption and less environmental pollution.
secondly, we need to learn from foreign advanced technology, improve the efficiency of resource utilization, improve allocative efficiency, take the road of sustainable development.
Finally, the development of China's central and western regions is not balanced, We have to invest more support and technical guidance in the western regions.
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